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ABSTRACT To determine the optimum operating conditions
of the indented cylinder length grader based on varietal
characteristics, broken rice removal capabilities were measured
on the milled rice of 41 varieties at different conditions
consisted of 3 types of indented cylinders with different
indent-opening diameters and 3 different collecting-angles
of broken rice. The broken rice removal capabilities were
swayed by the indent's opening diameter and depth as well
as the angle of the collecting trough of broken rice on the
point of instrument, and by the kernel length and width as
well as 1000 grain weight of milled rice on the point of
rice variety. When the angle of broken rice collecting-trough
reached to near the horizontal center line of the indented
cylinder on the direction of upward turning side, which was
referred 0° in this paper, the amount of rice collected in
trough increased, whereas the loss of head rice also increased.
Considering the removal rate of broken rice as well as loss
of head rice, it was thought that the suitable angle of trough
for broken rice collecting was located 5° to 15° depending
on varietal characteristic and indent opening diameter. It was
thought that 4.2 mm or more of indent opening diameter
was recommendable for the rice varieties having heavier
1000 grain weight than 22.3g, as well as larger sizes than 2.9
and 5.2 mm in width and length of rice kernel, respectively;
3.8 mm for the small-sized thin kernels, and a proper diameter
between 3.8 and 4.2 mm for short to middle kernels. The
varieties with relatively shorter length compared to width
of kernel were more difficult to separate the broken rice
than the opposite ones. For effective separation of that, it

TCorresponding author: (Phone) +82-31-290-6765
(E-mail) leeOck@korea.kr <Received July 8, 2009>

366

seems that some specific indent shapes such as wider opening
and shallow depth etc. are required. When the broken rice
content were excessively high, wider diameters of indent
openings than specified sizes were thought to be the better.

Keywords : Rice, Broken rice, Length grader, Indent sieve,
Head rice
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Table 1. Rice varieties grouped based on 1000 grain weight and their kernel size distributions.

1000 grain Kernel size (mm)
weight Variety . .
(2 Length Width Thickness
< 18.0 Sangjubyeo, Jungsanbyeo, Geumanbyeo, 4.64-4.78 25827 1.85-191
Saesangjubyeo
18.0-18.9  Manmibyeo, Taebongbyeo, Manhobyeo, Hwaseongbyeo,
Taeseongbyeo, Gopumbyeo, Sangokbyeo, Samdeokbyeo 4.44-4.71 2.65-2.84 1.88-2.01
19.0-19.9 Juank?yeo, Joanbyf:o, Samkwangbyeo, Daepyeongbyeo, 4.45-4.87 277294 1.95-2.05
Seokjeongbyeo, Jinpumbyeo, Hopyeongbyeo, Unkwangbyeo
20.0-20.9  Saechucheongbyeo, Yeounganbyeo, Chucheongbyeo,
Saegyehwabyeo, Ilpumbyeom, Sampyeongbyeo, Manweolbyeo,  4.64-5.61 2.66-2.93 1.84-2.06
Ilmibyeo, Seopyeongbyeo, Hwarangbyeo, Hanareumbyeo
21.0-21.9  Hojinbyeo, Junambyeo, Namilbyeo 4.90-5.21 2.79-2.92 1.99-2.07
22.0-22.9  Odaebyeo 5.01 2.83 2.03
23.0-23.9  Yangjobyeo, Sobibyeo, Pyeonganbyeo 5.07-5.27 2.97-2.99 1.99-2.05
25.0-25.9  Sindongjinbyeo 5.39 3.01 2.02
26.0-26.9  Hanmaeumbyeo 5.39 3.02 2.08
32.0-32.9  Daeribbyeo 1 591 3.42 2.16

Total 41 varieties
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Side view of
laboratory length grader

(30°)
Angles of the tip of the broken rice collecting trough
from horizontal center line of indented cylinder

(15°) (5%

Fig. 1. Pictures of laboratory length grader and its indented cylinder.

Indent opening diameter

Fig. 2. Indent opening diameter.
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averaged values.

from the averaged values when each averaged value was
considered to be 100.

Fig. 3. Frequencies of varieties distributed with the relative differences from the averaged values of kernel length, width and

thickness.
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Table 2. Varieties showing the highest removal ability of broken rice (BR) at the 5° of collecting angle and 3.8mm diameter
of indent opening (DIO) of BR collecting trough with more BR removal rates than 50%.

Total BR removal rates with angles of Head rice loss with angles
Variety DIO BR collecting trough (%) of collecting trough (%)

(mm) o

(o) 30° 15° 5° 30° 15° 5°

Manhobyeo 3.5 6.60 2.30 5.14 13.22 0.02 0.03 0.06

3.8 6.60 8.59 29.90 71.75 0.02 0.36 5.13

4.2 6.60 2.52 12.52 42.06 0.04 0.15 3.50

Keumanbyeo 3.5 8.40 3.07 4.81 13.31 0.03 0.02 0.01

3.8 8.40 16.16 37.78 70.71 0.08 0.28 3.47

4.2 8.40 6.05 14.96 60.51 0.04 0.08 1.18

Gopumbyeo 3.5 5.85 3.55 5.62 12.03 0.05 0.03 0.08

3.8 5.85 13.96 33.62 62.34 0.11 0.44 4.26

4.2 5.85 6.71 14.79 59.13 0.02 0.12 2.00

Samkwang 3.5 5.43 1.49 3.35 6.52 0.02 0.05 0.04

-byeo 3.8 543 11.74 25.66 60.35 0.05 0.32 2.81

4.2 5.43 6.80 13.44 47.55 0.02 0.06 1.65

Jungsanbyeo 3.5 8.33 3.77 8.14 19.12 0.01 0.03 0.06

3.8 833 18.51 39.22 55.97 0.01 0.21 3.90

4.2 8.33 5.51 14.45 49.84 0.02 0.09 2.29

Odaebyeo 3.5 5.75 1.50 5.01 12.95 0.01 0.03 0.05

3.8 5.75 6.81 26.40 51.45 0.01 0.05 1.27

4.2 5.75 2.19 9.35 48.16 0.02 0.06 0.59

Table 3. Varieties showing the highest removal ability of broken rice (BR) at the 5° of collecting angle and 3.8mm diameter
of indent opening (DIO) of BR collecting trough with less BR removal rates than 50%.

DIO Total BR removal rates with angles of Head rice loss with angles

Variety (mm) BR collecting trough (%) of collecting trough (%)
(o) 30° 15° 5° 30° 15° 5°
Sampyeong 3.5 5.05 0.20 2.10 3.91 0.02 0.02 0.05
-byeo 3.8 5.05 7.15 15.77 36.62 0.01 0.16 0.91
4.2 5.05 5.09 10.45 36.55 0.03 0.02 0.37
Jinpumbyeo 3.5 3.35 3.01 6.63 12.07 0.02 0.06 0.06
3.8 3.35 11.98 26.33 43.17 0.04 0.21 1.43
4.2 3.35 3.46 12.16 40.94 0.03 0.07 0.51
Ilpumbyeo 3.5 5.18 0.78 3.12 9.28 0.00 0.03 0.02
3.8 5.18 9.30 23.03 39.19 0.11 0.36 2.32
4.2 5.18 2.53 9.81 32.46 0.01 0.06 1.25
Chucheong 3.5 5.15 1.08 2.64 8.33 0.02 0.00 0.04
-byeo 3.8 5.15 11.29 22.57 41.00 0.08 0.24 247
4.2 5.15 4.59 11.80 37.54 0.01 0.06 0.88
Unkwang 3.5 3.98 1.14 3.94 10.57 0.03 0.05 0.05
-byeo 3.8 3.98 8.33 23.32 37.90 0.13 0.31 3.38
4.2 3.98 1.78 8.36 36.96 0.03 0.15 1.70
Taeseong 3.5 4.35 1.97 3.83 11.16 0.02 0.05 0.05
-byeo 3.8 4.35 12.79 2742 43.03 0.13 0.40 4.85

4.2 4.35 3.36 7.28 39.64 0.01 0.07 2.98
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Table 4. Varieties showing the highest removal ability of broken rice (BR) at the 5° of collecting angle and 4.2mm diameter
of indent opening (DIO) of BR collecting trough with more BR removal rates than 50%.

Total BR removal rates with angles of Head rice loss with angles
Variety DIO BR collecting trough (%) of collecting trough (%)
(mm) o

(%) 30° 15° 5° 30° 15° 5°
Hanareum 3.5 24.46 1.43 3.14 8.68 0.02 0.06 0.00
-byeo 3.8 24.46 18.16 33.86 58.83 0.04 0.07 0.28
4.2 24.46 8.41 20.55 69.22 0.01 0.00 0.04
Hanmaeum 3.5 6.17 2.20 4.65 9.81 0.01 0.02 0.11
-byeo 3.8 6.17 12.59 27.68 53.15 0.03 0.14 0.46
4.2 6.17 4.28 11.71 56.58 0.01 0.04 0.16
Sobibyeo 35 322 1.72 4.22 7.98 0.00 0.02 0.04
3.8 3.22 11.50 23.45 43.23 0.06 0.16 0.34
4.2 3.22 3.59 10.89 53.69 0.03 0.03 0.25
Sindongjin 35 12.66 0.96 2.64 6.41 0.02 0.04 0.05
-byeo 3.8 12.66 9.04 20.21 41.72 0.03 0.16 0.36
4.2 12.66 3.82 12.41 50.93 0.04 0.04 0.23
Hopyeong 3.5 5.28 2.11 5.74 13.51 0.03 0.06 0.07
-byeo 3.8 5.28 17.76 33.60 49.35 0.09 0.30 2.39
4.2 5.28 9.06 15.05 52.06 0.01 0.12 0.96

Table 5. Varieties showing the highest removal ability of broken rice (BR) at the 5° of collecting angle and 4.2mm diameter
of indent opening (DIO) of BR collecting trough with less BR removal rates than 50%.

Total BR removal rates with angles of Head rice loss with angles
Variety DIO BR collecting trough (%) of collecting trough (%)

(mm) o

(%) 30° 15° 5° 30° 15° 5°

Daepyeong 3.5 3.55 1.42 443 6.40 0.02 0.02 0.06

-byeo 3.8 3.55 8.05 12.13 28.72 0.10 0.45 4.97

4.2 3.55 1.84 7.79 47.77 0.04 0.11 2.57

Juanbyeo 3.5 4.05 0.75 2.24 7.49 0.05 0.05 0.07

3.8 4.05 7.06 16.08 27.67 0.11 0.48 3.38

4.2 4.05 2.74 6.83 28.89 0.04 0.04 1.99

Ilmibyeo 3.5 13.05 1.48 2.29 6.77 0.02 0.02 0.05

3.8 13.05 10.66 26.32 42.61 0.07 0.20 1.82

4.2 13.05 4.80 10.19 44.46 0.03 0.07 1.02

Yeonganbyeo 3.5 7.10 0.93 2.14 5.98 0.02 0.03 0.07

3.8 7.10 8.76 23.70 36.69 0.11 0.28 1.70

4.2 7.10 4.47 12.27 42.66 0.03 0.03 0.93

Hojinbyeo 3.5 4.50 0.45 2.69 7.19 0.01 0.08 0.10

3.8 4.50 10.47 20.70 37.60 0.09 0.28 1.16

4.2 4.50 5.71 10.28 40.81 0.01 0.04 0.29

Daeripbyeo 1 3.5 30.62 0.31 0.76 2.21 0.02 0.06 0.07

3.8 30.62 2.01 6.02 17.56 0.03 0.06 0.04

4.2 30.62 0.67 2.65 19.32 0.01 0.03 0.06
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Table 6. Recommendable indent opening diameters for length-grading of the rice varieties tested.

Diameter
of indent openings

Recommendable rice varieties

Remark

3.8mm Gopumbyeo, Geumanbyeo, Namilbyeo, Manhobyeo, Sanjubyeo, Saegyehwabyeo, Small-sized, thin
Saesangjubyeo, Taeseongbyeo kernel
3.8~4.2mm Manmibyeo, Manweolbyeo, Samkwangbyeo, Samdeokbyeo, Saechucheongbyeo, Short to middle
Seopyeongbyeo, Seokjungbyeo, Unkwangbyeo, Ilpumbyeo, Joanbyeo, length
Jungsanbyeo, Jinpumbyeo, Chucheongbyeo, Taebongbyeo, Hwarangbyeo,
Hwaseongbyeo
4.2mm Daepyeongbyeo, Sampyeongbyeo, Sangokbyeo, Yeonganbyeo, Odaebyeo, Middle to near
[lmibyeo, Junambyeo, Juanbyeo, Hanareumbyeo, Hojinbyeo, Hopyeongbyeo long kernel
4.2~4.5mm Daeripbyeo 1, Sobibyeo, Sindongjinbyeo, Yangjobyeo, Pyeonganbyeo, Near long and

Hanmaeumbyeo

heavy weight
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